Background: Aboriginal people, and particularly those in rural areas, continue to suffer very high levels of dental disease despite significant reductions in the wider Australian population in the past 30 years. Until recently, there has been a shortage of oral health clinicians and the majority have provided care in major cities. The NSW Government funded various models of care for rural and regional areas and vulnerable population groups including Aboriginal people. This study utilizes a comparative retrospective analysis to compare two models of oral health care for Aboriginal people including those living in rural NSW to inform future policy decisions. Methods: Two models (Model A -Fly in Fly out and Model B -Collective impact) of public oral health care for Aboriginal patients in NSW were examined using publicly available descriptive information. Two years of funding and Dental Weighted Activity Units (DWAUs) data were analysed for the two different models and regression analysis was used to compare the trends of monthly time series of DWAUs. Conclusions: Based on the standardized national weighted pricing for public dentistry, model B offers significantly more services for less financial resources.
INTRODUCTION
Aboriginal Australians experience significant health disparities which have resulted in a 10-year age gap in life expectancy. 1, 2 The Australian Government Closing the Gap strategy is intended to improve the life expectancy of Aboriginal Australians within a generation. 2 The strategy addresses social determinants of health such as education and employment as well as two health specific measures: infant mortality and life expectancy. The Closing the Gap strategy is the central driver of government action in Aboriginal health. National Partnership Agreements between the federal and state/territory governments operationalize much of the strategy and have specific requirements with respect to Aboriginal health services. 3 One key area of health disparity is dental disease. Aboriginal people have significantly higher rates of dental caries. This is a relatively new problem as two generations ago Aboriginal people had far better oral health than non-Aboriginal Australians. 4 This is attributed largely to the change to a Westernized highly processed diet, increased consumption of sugarsweetened drinks, and poor access to preventive and dental treatment. [4] [5] [6] The issue is compounded for Aboriginal people living in rural and remote areas. Access to public dental services has long been an issue for people living outside of urban Australia with the majority of oral health clinicians clustered in major cities. 4, [7] [8] [9] Public oral health services responded to the shortage of oral health clinicians by establishing graduate programmes, outreach and other types of visiting services, and financial and other incentives for oral health clinicians to work in regional or rural areas. 10, 11 There is now a sufficient supply of oral health clinicians in Australia which means it is easier to recruit qualified and skilled oral health clinicians to work in regional and rural areas. 9, 11 Given that workforce supply of oral health clinicians is no longer a factor in the oral disease rates of Aboriginal people living in rural locations, it is likely that other factors may be influencing poor oral health outcomes.
Aboriginal Australians fare worse when usual health care services are provided. [12] [13] [14] [15] [16] The available evidence indicates that the best way to improve health outcomes for Aboriginal people is to tailor services to local needs, customs and language; ensure staff are culturally competent; have explicit strategies for promoting and sustaining participation in the service; sound clinical governance and compliance; and wellestablished organizational governance. 12, [17] [18] [19] There are three main models of public oral health provided in NSW: (i) public services available through hospitals and clinics in urban, regional and larger rural areas; (ii) public oral health services through Aboriginal community controlled health services or other non-government organizations/university providers; and (iii) fly-in fly-out services provided by public, private or non-government organizations. 20 This paper describes two models (A and B) of service delivery designed exclusively for Aboriginal people and compares costs and outputs. Model A is a fly-in flyout service and also has an urban-based two-chair clinic ((i) and (iii)) and model B utilizes existing community facilities and is a hybrid of (i) and (ii).
This retrospective comparative study compared the price and output between two models of publicly funded oral health care for Aboriginal people over a 2-year period. The purpose of this study was to compare efficiency between two models of care and inform future purchasing and public policy related to oral health care for Aboriginal Australians.
METHODS

Model A
Model A has been operating since 2009 and provides a state-wide service from a major city centre as well as outreach to rural communities. Model A involves dental teams providing blocks of dental care on a flyin fly-out basis at rural Aboriginal community controlled health service clinics that have a fixed dental clinic but do not have a dentist. Model A also provides oral health services to Aboriginal people at a central metropolitan location which includes a dedicated two-chair oral health surgery. [20] [21] [22] The metropolitan clinic constitutes 24.6% of the total service of model A.
In model A, a central site acts as a base for activity and plays a support and coordination role to the outreach services. Model A is staffed by an Aboriginal oral health coordinator, four dentists, Aboriginal dental assistants and trainees, and an Aboriginal receptionist. The model is intended to increase the ability of smaller Aboriginal health organizations to provide improved access to a broader range of services, particularly in rural and remote areas. The model relies on existing fixed infrastructure and only provides services in fixed clinics. Model A employs Aboriginal staff in the central administration and coordination areas and is intended to provide state-wide services for Aboriginal people.
20,21
MODEL B
Model B was established in 2014 and is a collaboration between a university centre and an Aboriginal community controlled health service. Model B began at the request of the Aboriginal elders of local communities who sought a culturally competent service for their communities. The model was designed and continues to be implemented using 'collective impact' which is a tool to facilitate community engagement in service design, delivery and evaluation. 23 Model B includes new graduate oral health therapists and dentists who live and work in the rural areas and provide services to Aboriginal patients across multiple locations including fixed clinics, schools and health care settings using portable dental equipment and various community locations using mobile equipment. 24 The model initially operated in three communities and expanded in the first year to include nine Aboriginal communities in central northern NSW. 25 The Aboriginal community controlled health service hosts all of the patient records and is responsible for reporting activity. The majority of staff are employed by the Aboriginal community controlled health service. Some are employed by the university centre. All work as a team with shared responsibility for clinical governance and supervision, team management and scheduling. More than 50% of the staff are Aboriginal including clinicians and dental assistants. 23 Both models have an explicit focus on culturally competent service design. Model A provides blocks of oral health care to communities and draws on the infrastructure and community linkages of the host Aboriginal community controlled health service. 20 Model B is primarily community-based with its own community partnerships and accountability. 23 Both models provide services to children and adults living in communities with very high need for dental services.
Model A has daily access at the metropolitan location. Fly-in fly-out visits are negotiated with individual clinics and are less predictable. Model B has an annual timetable which is available publicly and each of the nine communities have days allocated every month at the local health clinic, school and preschools.
Model A is predominantly staffed by dentists 22 and model B has mixed staffing (approximately equally) of dentists and oral health therapists. 26 Both models are required to meet national standards in service delivery which includes infection control, patient records, workplace health and safety, qualifications, scope of practise, and registration of clinicians. 27 Both models provide a free service (Table 1) .
DATA
The purpose of this study was to compare models A and B in terms of costs of care as measured in dental weighted activity units (DWAU). Oral health treatments in Australia are defined, measured and funded by item numbers which have the same definition Australia-wide. 28 The pricing of item numbers varies between sectors (public/private) and providers. The national price for item numbers in public oral health are provided by two means: the Department of Veterans Affairs 29 and DWAU. 5 The description of item numbers provided to patients is included in the patient record and is also used for DWAU reporting purposes. Record keeping is a requirement of all oral health clinicians and is particularly important when patients may be seen by multiple clinicians over time, which is a feature of both models in this study. 27 For the purpose of this study, the DWAU is used to compare the output and cost of models A and B because DWAU have been established as the national key performance indicator for public oral health services under the Dental National Partnership Agreement between the Australian Government and state/ territory governments, and is also the key performance indicator that the NSW Government uses for public oral health services through local health districts and grant programmes. 5, 28, 30 The performance of both models A and B are measured in DWAU.
A DWAU is equivalent to a grouping of weighted item numbers under the Australian Dental Association (ADA) schedule and equates to 11 times the 011 ADA treatment item for a comprehensive examination. 31 At the time of this data, DWAU targets for the NSW Aboriginal Oral Health Program were calculated by taking 20% for administration from the total funding allocated, and dividing the remaining funding by $589. 31 The dollar value was calculated from the Department of Veterans Affairs local dental officer fee schedule in 2013/14 which set a value for the 011 at $53.55 (1 DWAU = $53.55 9 11). 29 DWAU are purchased in advance based on estimated output. Additional funding is not paid for additional DWAU delivered and funding may be returned to government if DWAU targets are not met. 31 Public dental services across Australia have DWAU targets calculated and monitored in a similar way, but with variation in price per DWAU depending on local circumstances (personal communication between lead author KG and NSW Centre for Oral Health Strategy).
De-identified patient-related DWAU and NSW State funding data related to provision of dental services to Aboriginal public patients was formally requested and received for models A and B from the NSW Ministry of Health by the lead author (personal communication between author KG and the NSW Ministry of Health 15 March 2015) . DWAU data is reported item numbers in patient records and should be accurate as it specifies the services provided to each patient.
Data extracted from the patient management systems of models A and B for the period 1 January 2014 through to 31 December 2015 was provided to the research team. The same data items over the same period were analysed for both services. Initially, time series of the total monthly DWAU were separated into a trend and seasonal component; however, the seasonal component of the time series was not statistically significant, so linear regression analysis was used to measure the rate of growth over time. The results of the regression analysis show that the rate of growth was approximately linear over the period of the study, and residual analysis showed that the usual assumptions underpinning the model were met.
A mean DWAU price was calculated for models A and B utilizing the patient-related data and the funding information.
RESULTS
The total daily DWAU are the sum of DWAU associated with each individual visit for a particular day. Over the 2-year period of this study, model A received $3 683 643.50 and delivered 1608.19 DWAU and model B received $1 418 150.00 and delivered 3072.16 DWAU. The mean cost per DWAU (after 20% of the total funding was removed for administration purposes) was $1832.44 for model A and $369.29 for model B. DWAU, dental weighted activity unit. Figure 1 presents box plots of these total daily DWAU and shows that for delivery model B the average and variability of these totals are increasing over time. In contrast, the average and variability of total daily DWAU for delivery model A are fairly constant over time. An exception to this is the total daily DWAU for July 2015 which are higher than usual. The research team was not able to explain this variation. Figure 2 shows the trend over time for the total monthly DWAU for both delivery models. Solid lines show the expected trends, while the dotted lines represent a 95% confidence interval for these trends. As can be seen from Fig. 2 , the trajectory DWAU for model A is significantly different from that of model B (P < 0.001). Please refer to Appendix I for hypothesis corresponding to this P-value. The monthly DWAU for model B are increasing at the rate of 3.9 per month, while the rate of increase for model A is not significantly different from 0.
DATA ANALYSIS
DISCUSSION
The results in this study have yielded valuable information. A collaborative oral health service with new graduate clinicians, living nearby and working across communities using fixed and portable equipment, provided 3072.16 DWAU compared with model A which delivered 1608. 19 . Not only did model B provide 47% more treatment but the difference in cost is extraordinary. Model B is delivering services at a quarter (25.2%) of the cost of model A.
The differences in outputs could be attributed to the community-based model of services and predictable access to the service. Also, the improved supply of dental and oral health professionals available nationally has meant that a number of rural and regional dental services were able to recruit their own dentists and thereby reducing the demands for the service for model A in rural areas. The mix of clinicians (dentists and oral health therapists) might have had a minor impact on the cost/DWAU. The more likely explanation is the community-based approach of model B.
The evidence states that for services to be effective for Aboriginal Australians they must be tailored to and by the community. [13] [14] [15] [16] Both models A and B attempt to be culturally competent. Model B may be more effective because clinicians live and work locally, an Aboriginal community controlled health service advises and leads on key aspects of the service, it has established strong community relationships, it has predictable access via a published calendar, and the service operates from multiple locations so it is easy for patients to access the service. 12, 23 Fig . 1 Box plot of daily dental weighted activity units (DWAU) by month and year for the two different delivery models.
In times of workforce shortage, fly-in fly-out services are necessary to meet health care needs. Model A was established at a time when need was very high and clinician supply was low. It was a much needed model at that time. Now that workforce shortages have been addressed and rural and remote health services are better able to recruit and retain oral health clinicians, the need for model A has diminished. Good public policy evaluates and refines service models over time as circumstances and needs change. The NSW Aboriginal Oral Health Plan notes the need to further develop and refine outreach services including the development of regional service models within rural and regional areas of NSW. 20 The need for oral health services for Aboriginal people in rural and remote NSW remains high and those needs are best met locally wherever possible.
A potential limitation of this study is that clinicians might not have reported data consistently. Given the output data relates directly to services provided to patients, and oral health professionals understand that many different clinicians are likely to provide assessment and treatment to each patient, there is a strong emphasis placed on accurately recording the clinical care provided to protect the interests of the patient and is essential professional practise.
CONCLUSION
There continues to be very high need for public oral health services and, in the context of limited resources, those resources should be applied to efficient models of care. Based on the standardized national weighted pricing for public dentistry, model B is more cost-effective than model A. Given the large differences in cost, it is important to review the use of fly-in fly-out services, as used in model B, for providing oral health care to Aboriginal patients, and to further develop community-led models of care such as model A. Fig. 2 Monthly trend analysis of daily dental weighted activity units.
